To analyze the cognitive abilities of older patients undergoing spinal deformity surgery so as to understand whether adult spinal deformity (ASD) surgery is associated with postoperative cognitive malfunction.
█ INTRODUCTION
S pinal deformity surgery is among common major surgeries performed on older adults (17) . The goal of treatment is to achieve deformity correction, pain relief and neurological improvement while minimizing the surgical complications which tend to be fairly common as well (15) .
Elderly patients undergoing major surgery may experience cognitive deterioration due to a decreased plasticity in their brain tissue. This so called "postoperative cognitive dysfunction (POCD) syndrome" is characterized by nonspecific dysfunction in memory, concentration and analysis skills (10). Older age, lower level of education, previous cerebrovascular accident without residual impairment and postoperative cognitive dysfunction at discharge have been suggested as the independent factors for POCD at 3 months (1,11). Postoperative delirium and increased use of opioid analgesics were also significantly correlated with POCD at hospital discharge, but not at the 3 rd month (2). In addition, patients who had POCD have also been shown to be at increased risk of death in the first year after surgery (4). Major surgery, history of alcohol abuse in elderly, postoperative changes in thyroid hormones, Alzheimer's disease, cerebral trauma and preoperative cognitive decline are the other risk factors for the development of POCD (5,6,8,13). In another study, it has been demonstrated that the risk of dementia and mild cognitive impairment in hip surgery patients who are 70 years and older was almost doubled if they had postoperative delirium as compared to those who had not (14) . On the other hand, interestingly, it has also been fairly well documented that early and late POCD is related to the overall "success" of surgery in elderly patients (9) .
The aim of this study was to analyze the cognitive abilities of older patients undergoing surgery for spinal deformity at the specific time points of 6 weeks (early post-op) and 6 months (late post-op), so as to understand whether such major surgery might be associated with long term and potentially permanent POCD.
█ MATERIAL and METHODS
From March 2010 to June 2014, a prospective longitudinal study was conducted on an adult spinal deformity (ASD) population from all sites of the study group. The criteria to be included in this multicentric study database were defined as the patient having any of (or any combination of) the following: thoracic kyphosis exceeding 60°, coronal deformity exceeding 20°, pelvic tilt exceeding 25° and sagittal vertical axis exceeding 50 mm.
A total of 90 patients who were 50 years of age or older, with grossly normal general intellect and free of dementia, depression or any history of cerebrovascular accident were included in the study. All the patients consented to be enrolled in the database as well as this separate study. The database including this individual study had Institutional Review Board (IRB) approval from all participating centres.
Mini mental state scores (MMSE), individually validated for all languages used previously, were used to assess cognitive functions in addition to the health related quality of life (HRQOL) tests (SF-36, ODI and SRS-22) at preoperative, and 6 weeks and 6 months post-operative time points. Demographic data, preoperative health status, co-morbidities, and surgical characteristics were also analyzed and documented.
The diagnosis of cognitive impairment was made on the basis of the MMSE scores, which is a brief structured test with widely accepted validity as a measure of cognitive functioning (12) . The MMSE includes 11 items that evaluate 5 different domains of cognitive functioning; orientation (in time and space, 10 points), registration (of 3 words, 3 points), attention and calculation (spelling a word backwards, 5 points), recall (remembering the 3 words, 3 points), and language (to name a pencil and a watch, to repeat a sentence, to understand and effect an oral 3-step instruction and a written instruction, to write a sentence and finally to draw a geometric figure; in all, 9 points) (3). In this test, the maximum available score is 30 points. Scores from 27 to 30 are considered as normal, from 18 to 26 as mild, from 10 to 17 as moderate, and below 10 as severe cognitive dysfunction (7). This tool has been shown to have good test-retest reliability (16) .
However, a diagnosis of POCD cannot simply be based on any absolute score value on this test, but rather interpreted as a significant decrease in MMSE score postoperatively compared to the preoperative values, which was arbitrarily accepted as 3 points or more in this study.
Statistical Analysis
The sociodemographic characteristics of the patients as well as their hospital course data were descriptively analyzed by mean, percentages, minimal and maximal values. Differences between the baseline characteristics of patients with and without cognitive deficits were tested using Student's t-test for repeated measures and the likelihood ratio statistic test for proportion measures. These differences were examined using assessments at both 6 weeks and 6 months after surgery. The results for the MMSE were analyzed to assess whether cognitive function and health-related quality of life outcome measures had changed between the preoperative test and the six weeks and six months postoperative period. A p value <0.05 was considered as significant. The calculated power of this study at this β type error level was 99%.
█ RESULTS
Summary of demographic and surgical data for these samples are provided in Table I . As can be seen from the surgical data, surgeries performed on this group of patients have been very diverse, ranging from 1 to 20 levels (mean 4.4) of segmental instrumentation with an average blood loss of over 1600 ml (range 200 to 4800).
As for the cognitive analyses by MMSE, there was no discernible change in performance in the majority of patients at the 6 th week compared to the baseline tests. As can be seen in Table II , MMSE scores even show a slight increase in mean score (p>0.05) between these time points (Figure 1) . A total of 58 patients had their functions assessed at 6 months as well. Again at this time point, the MMSE test did not show evidence of clinically significant deterioration in cognitive function in long-term post-operative follow-up (Figure 1) , however there was a decrease of >2 points (3 or 4; arbitrarily defined as the threshold of deterioration) in 6 patients (6.7%) at both time points (Table III) .
When the patients were divided into two groups as elderly (>65 years) or not, no statistically significant difference was seen in inter-and intragroup comparisons at 6 months followup (p>0.05) (Table IV) although the preoperative scores were different between the two groups (p=0.006). Of note, being elderly (>65 years) was not found to cause a significant risk of a decline in MMSE scores of more than two points either (Table V) . Apart from the studies cited above, the first wide-ranging prospective study was conducted by a multicenter research
█ DISCUSSION
This study has investigated the potential for cognitive impairment and POCD following major surgery in a population of ASD aged over fifty years. Preoperative, 6 th week and 6 th month MMSE scores were compared, and no significant difference could be found. Of note, 6 patients had deterioration more than the arbitrarily assigned significance level of 3 points 
